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TECHNICAL NOTE XO. 517

THEE ARRODINAMIC FORCES AND MOMENTS ON A SPINWING MODEL
OF THE F4B-2 AIRPLANE AS MEASURED BY
THE SPINNING BALANCE

By M. J. Bamber and . E. Zimmerman
SUMMARY

The aerodynamic forces and moments on a 1/12—scale
model of the F4B-2 airplane were measured with the spin-
ning balance in nine spinning attitudes with three sets
of tail surfaces, namely, F4B-2 surfaces; F4B-4 fin and
F4B-3 rudder with F4B-2 stabilizer; F4B~4 fin and F4B-3
rudder with rectangular stabilizer; and with all tail sur-
faces removed, In one of these attitudes (o = 46° 481
B = 00 42!') measurements were made to determine the effect
upon the forces and moments of independent and of simulta—
neous displacements of the rudder and elevator for two of
the sets of tail surfaces. 4dditional measurements were
made for a comparison of model and full-scale data for
gix attitudes tlhat were determined from flight tests with
various control setbtings.

The characteristice were found to vary in the usual
manner with angle of attack and sideslip. The F4B-2 sur-
faces werse quite ineffective as a source of yawing moments.
The F4B~-4 fin and F4B-3 rudder with the F4B-2 stabilizer
gave a greater damping yawing moment when controls were
against the spin than d4id the F4B-2 surfaces but otherwilse
there was little difference. Substitution of a rectangu-
lar stabilizer for the FP4B-2 stabilizer made no apprecia—
ble difference in the cgoefficients.

Values of rolling-~ and yawing-moment coefficients as
found from model tests were consistently larger in a senss
to oppose the spin than are the full-scale values. The
average differences were: in rolling-moment coefficient,
0.02; in yawing-moment coefficient (neglecting one case of
extreme difference), 0.006, TFurther comparisons with oth-
er alrplane types are necessary before final conclusions
can be drawn as to the relations between model and full~
scale gplin measurements. T



2 ¥.A.C.4, Technical Wote No. 517
INTRODUCTION

The testes described in this report were made as part
of an investigation of the spinning characteristics of the
F4B-2 airplane conducted at the request of the Bureau of
Aeronautics, Navy Department. This airplane had exhibited
dangerous spinning characteristics in the hands of service
pilots and it was desired to find how this fault could be
eliminated.

An extensive program of flight tests was being carried
out and it was thought advisable to make tests of a model
of the airplane with the spinning balance to supplement
the flight data and also %to provide further checks betwecen
full-scale and model measurements of spins. The present
report is confined to the wind-tunnol tests; the flight
tests will be reported later. Two modifications to the
tail were tested in an endeavor to improve tho charactoer-
igtics without drastic alteration of the airplane. 4
third modification was considered, 1l.e., movement of the
stabilizer to the top of the fin; for reasons of conven-
ience teste with such an arrangement were made on a d4lf-
ferent model and have been reported in reference 1l.

APPARATUS AND MODELS

The tests were made with the spinning balance (refer-—
ence 2) in the N.A.C.A. 5-foot open-throat vertical tunnel
(reference 3). The spinning balance measures all gix com—
ponents of the aerodynamic forces and moments upon a model
moving with respect to the air as does an airplane when
spinning,

The 1/12—scale model of the F4B-~2 airplane was fur-
nished by the Navy Department. (See fig. 1l.) It was of
mehogany and wire construction and was fitted with a clamp
for ettachment to the spinning balance. The trailing edge
of the upper wing was cut away at the center sectlen to
permit installation on the balance dbut it is thought that
the cut-out had no appreciable effect upon the character—
lstics in spinning attitudes.

The model was originally fitted with taill surfaces
representing those of the F4B-2 airplane (fig. 2). An
extra set of vertical surfaces (fig. 3) was constructed
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TESTS

Tests were made with various tail combinations in the
nine different attitudes given in table I. The case where
a = 46° 48! and B = 0°42' was a flight attitude with
the F4B~4 fin and rudder, and ‘the F4B-2 stabilizer. The
other eight attitudes were arrived at by calculations of
Q/vV and radius based on the physical characteristics of
the airplane and the following assumptions:

. =0z = Cg., when B = 0°
Cr 1is constant at 1ts value as €iven in flight when

o = 46° 48! and B = 0° 43!

% p V2P S Cgedna=*W

L p v® s 0y cos a= (0 %),(radius)
5 p V° b 0y =0 sin a cos o (A-C}
i c ‘

~ig = ~ 0.,0036

Cp does not change with gideslip
Cm 1s independent of %g
Change of sideslip at a given angle of attack 1s ac-
complished by a single rotation of model about the 12ft
vector. - . .
The foregoing symbols are deflined as follows:
o,  angle of attack at the c.g.
B, angle of sideslip at the c.g, (sin™? %);

v, relative velocity of the airplane along its (Y)
span axis, positive when toward the right.

v, resultant velocity of the c.ge.
0, resultant angular velocity.

Redius, radiuvs of c.g.
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R
CR = ———5—— , absolute coefficient of resultant
1
z2p V S force.
R, resultant force.

S, wing arsa.
W, weight of airplane.

b, span.

Cp = Y s+ absolute coefficient of pltching

0 T2 5D moment .,

4, moment of inertia about (X) thrust axis.
¢, moment of inertia about (2Z) normal axis,

The tall combinationstested in these attitudes were:
all tail surfaces removed; F4B~-2 surfaces, rudder and el-
evator with the spin and neutral; F4B—-4 fin and rudder
with F4B-2 stabilizer, rudder and elevator with the spin
and neutral; and F4B-4 fin and rudder with the rectangu-
lar stabilizer, rudder, and elevator with the spin and
neutral.,.

In the above-mentioned flight spinning attitude

(o = 46° 48', B = 0° 42') wind-tunnel tests were made
with the elevator up, neutral, and down when the rudder
was in each of the positions: full with the spin, neutral,
and full against the spin. Two sets of tall surfaces were
tested with these control positions: (1) the F4B-2 sur~
faces, and (2) the F4B-4 fin and rudder with the F4B-2
stabilizer. Aileron and fin settings were 07 and the sta-

bilizer chord was parallel to the thrust line in all cases.

Six additional tests were made with the control seit-
tings and the attitudes given in table II., These atti~
tudes were obtained in flight with the corresponding con-
trol settings.

A1l tests were made at a tunnel air speed (w") of 65
feet per second, giving a Reynolds Number of 147,000 based
on the mean chord.

The results, except Oy, are given in the form of
absolute coefficients referred to alrplane axes.
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0x = Tt = it
2T 1oV s . oY + p'v®s
z L
(o] - — — C = g PN -
271 p Vs VTl o v s
M N
¢, = 6y = :
" 3p Vs 27 L5V s

whers
X, 'force along thrust axis, positive forward.
Y, ‘force along span axts, positive to right.

z, ‘force alohg'nprmélxaiié,'ﬁoéiti#éfdownwéfd. '
ﬁ,' moment about’ “thrust axis, positive when it tends
to lower right wing._'_

M, moment about span axis,’ positive when it tends to
ralse nose of fuselage. :

N, moment abéutﬂnberI axis, positive when it tends
to ceuse nose of“fﬁseldgeito go to the righta

Pitching~moment coeffic1ent is- based on the span rather

thah on the chord to make ‘it more- readily ‘comparable with
the other coefficients.- Converslon may be nade to stand-
ard form by use of the ratio--g = 6,86, Data are given with

[

the proper signs for right sping in all cases. _

. Values of the coefficients of.all six force and moment
components for the. F4B-2 with controls with the spin, con-
trols neutral,. and tail surfaces removed are plotted
against o and B 1in figures 4 to 9, inclusive.

Values of GOy -and O, against elevator movement and
against rudder movemént are plotted for the case where
o = 46° 48' and B = 0° 42! for the F4B-2 surfaces in
figure 10 and for the F4B-4 fin and rudder comblned with
the F4B~2 stabilizer in figure 1ll,

Table III gives a comparison between full-scale and
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model values of Cp, Gy » Cm, and All of the flight
spins that have been tested on the ba&ance are included.
Two of the comparisons are for the ¥Y-1 airplane model
tests reported in reference 2.

The discrepancies between flight and wind-tunnel dats
are reovealed in table III and will be considered in the
discussion., Individual experimental values obtained with
the spinning balance are believed to be accurate within
the following l1imits:

Oy 30.05
Cy =.05
Cy .1
87 +.005
Cp +.01
¢, #.005

The plotted data (figs. 4 to 11, inclusive), which are
faired as smooth curves through selected points, are be-
lieved to be more accurate than the individual experimen-
tal 1imits because the points were chosen after careful
consideration of slmilarity between curves and after check
tests had been made in cases of uncertainty.

DISCUSSION

The curves of variations of the various coefficients
with o and B are guite normal snd require no special
discussion. All models that have been tested with the spin-
ning balance have shown increases of C, and Oy in the
negative sense, increases of 0, 1in a sense to oppose the
spin with increase of angle of attack, and no condistent
changes in Cg, Oy, and € ¥with the same independent
variable. Similarly, the models have, in general, shown

increases of Cy and in a sense to oppose the spin
and an increase of C n a sense to aid the spin with
change of sideslip from inward to outward. The coeffi-
cients Cg, Cz, and Cp have shown no consistent vari-

ation with B.
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Comparison of the values of Cp with the tail sur-
faces removed with those obtained with the surfaces in
place ‘reveals that the F4B-2 fin and rudder werse quite in-
effective as sources of yawing moment in most of the atti-
tudes tested. The same was found to be true of the F4B-4
fin and rudder with both the F4B-2 and the rectangular
stabilizers. The curves of variations with o =and )
for the F4B-4 fin and rudder are not included as they dif-
fer but slightly from those for the F4B-2 surfaces.

The curves showing variation of Cp arnd ©Cp with
elevator and rudder movements are of some interest. The
diving moment increased in a normal manner as the elevator
was moved down. In the case of the F4B~2 surfaces, move-
ment of fhe rudder from with the spin to against the spin
also produced considerable increasé in diving moment.
Yawing moments were greatest wlth the elevator neutral,
sexcept when the rudder was with the spin, for both sets of
surfaces. The only striking feature of the yawlng-moment
curves was that movement of the F4E-2 rudder from neutral
to against the spin resulted in a reduction of the yawing
moment; whereas the opposite was true for the F43-3,

Table III is included for a comparison between the
wind~tunnel results and the flight results soon to be pub-
lished. As soon as feasible, additional measurements are
to be made comparing model and full-scale data for spins
of the XN2Y-1 and of other airplanes. .

It is interesting to note that the model rolling- and
yawing-moment coefficients are conslstently greater in a
sense to oppose the spin than are the full-scale values,
It appears that the full-scale values can be estimated
with fair accuracy by adding 0.02 to the rolling-moment
coefficients and 0.006 to the yawing-moment coefficients
obtained for the models. Values of the pitching moments
for the model are neither comnsistently greater nor less
than the full-scale values, although individual differ-
ences are in several cases rather large. Resultant-force
coefficlents given by the models are less than the full-
scale values with one exception. If one case of extreme
difference be neglected, the average difference between
model and full-scale results is 0,075.
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CONCLUSIONS

1. The vertical surfaces of the F4B-2 are quite in-
effective in spinning attitudes.

2. Substitution of the F4B-4 fin and F4B-3 rudder
for the F4B-2 surfaces should make little differencs in
the spin. ZRecovery will be more positive when the con-
trols are against the spin than it will with the F4B-2
surfaces.

3. Changing the plan form of the stabilizer to reca
tangular will give no improvement of spinning characteris-
tics of the F4B-2 airplane.

4, Indications are that full-scale values of rolling
and yawing moments may be estimated by adding constant
correction factors to the model values. This conclusion
is tentative and needs further confirmation.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., January 29, 1934,
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TABLE I
Calculated Spinning Attitudes
B Radius EE- z
o a vl _ﬁ & v
o inches
40 70 30° 7.41 0.2002 0.7334 0.2515 0.€6305
40 og 7.41 .2002 .7522 .1230 . 6473
40° -13 7.41 .2002 7567 -.0512 .6518
46° 48! 10° 42t 3.00 .2910 . 6537 .2549 L7126
146° 48! 0% 42t 3.00 .2910 . 6739 .0828 L7342
269 sag! -g0 18!t 3.00 .2910 .F734 -.0915 7336
60° 10° .99 . 4435 .4871 .2093 .e4ave
603 0° .g9 . 4435 L4977 L0364 . 8665
60 -10° .99 . 4435 .4935 -.1377 .8588
1Flight attitude
TABLE IT
Flight Spinning Attitudes .
a B Radius _QT 2 L Z & & &y
w Q Q Q
o inches
49° 15'|-2° 02| 3.37 [0.306[0.6492]0.0323 [0.7600| 0° |273° U®l29° w
8]
53° 191|-4° 351 1.84 | .463| .5956)-.0090| .8032| O |20%° D {29° W
. ‘o
47° 431| 70 s51| 2.97 | .344| .6ass| .2150| .7299|R 335 U 274° y [29° w
T 154°D
1439 1:1{.2° 261 2.99 | .409{ .7272| .0589 | .6839 0° 7° U Qo
o]
R 82 o
o] 70 - & 10
49° 7|70 19! 3.42 | .335] .6537(-.0323 | .7561|7 16%§U 273° y [29° w
37° a4v|17° 037| 2.18 | .361| .7319| .3827| .5639] 0° |[274° Uy |29° 4

iThis test made with F4B-2 tail

All others made with F¢B~4 fin,

E.U'" 'Ll'p

D,

down

R, right

L, left
¥, with
A, against

F4B~-3 rudder, and F4B-2 stgbiliger.



TABLE ITY

Comparison Between Full-Scale and Model Results

8 CR Gl Gm n
TTPE| < B a 8e b |# | ¥ ¥ M F M| ¥ M
F4B |46° 481| 0° 42t 0°  |27-1/a"y| 29% |1.411.25[0.002(~0.018(-~0.042 |-0.047 |0.003 |-0.0B
F4B {499 151(-3° 2t 0° 27-1/4%| 20% |1.18(1.22| .001| -.011| -.048| ~.061| .001| -.00%
748 |52° 191{-4° 25° 0° 20-1/4°p| 29% [1.56|1.52(-.001] -.012| -.105( ~.118{-.001| ~.005
P48 |47° 431] 70 551|7 28-1/2%27-1/4%0] 29% [1.23|1.17] .009| -.007| -.064] ~.051{ .011] .006
L 15-1/2% :
FaB |43° 11]-29 26! 0° 7°u 0° |[1.82|1.21| .003| ~.037] -.091} ~.058| .004| ~.006
F4B |49° 71|{-7° 19'|R 8-3/4%D|27-1/4%) 29°W |1.38|1.28(-.001| ~.0R6{ ~.063} -.077 |-.002{ --.008
: I 16-3/4%U} - T : :
F@B [37° 41170 3 0® 27-1/4°y| 29°% [1.23(1.12]| .013| -.020| -.060{ -.055| .024| .04
NY-1|46° 20! [-1° 4 0° 339y 31.5°9{1.47|1.30| .006| -.012| -.070{ ~.045| .006| ~.010
Nv-1}50° 0| o° 30! 0P 23% 31.5°w[1.4111.41| .012| -.013 | ~.078] -.076| .003 | --.006
1, full scale
a
¥, nmodel

"H

‘O ©30N T®OTUHISY V'OV

418

1t
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Figure 1.- The 1/12-scale model of the F4B-2 alrplane with FP4B—4 fin and P4B-3
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Figure 5.- Variation Qf Oy with c and B. F4 B-3 tall surfaces.



X.A.C.A. Teohnical Note ¥o. 517 Tig. €
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Figure &.-Variation of Oy withdand . F4B=3 tail surfaces.
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B17 rig. .7

.08
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Figure 7.-Variation of Cy with « and p. F4B-3 tall surfaces.
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Fig. 8

.08
o Rudder 39° with spih, elevator 371/4° up.
04 +————— Rudder 0°, elevator 0°
A All tail surfaces removed
[} ——
\\ \\“_\
-
-. 04 Pa— &
. Sy
'7 \\ \ JL’/
Bl /
-.08f e et
__ul N
= =100 N a= 400
o + T
N L ’ﬁ\
At S A N
N & —
2.0
8 o]
‘vé | - N
8 03%— =
E—. 1y .y r+\\\ °
§ v \\\*
é \.s.
-.13
a o o= 48° 48!
3 p=0
-4
By
—
L_‘ v |1 \‘P
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+
P
-.Oﬂl\\\\“ \\\
\+-\
// IF
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Figure 8.- Variation of On with o and B, F4B-2 tail surfaces.
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.08

O————— Rudd ez 33° with spin, elevator 37 1/4° wp
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Figure S.-Variation of O, withe and f. F4B~23 tail surfaces.
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Figure 10.- Variation of Op and Op with rudder and elsvator novement., ¥4B-32 surfaces,
T = 460 48' and p = OB 43'.
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